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4.2.1 Introduction

4.2.1.1 Measurement and Science Objectives

This document describes a strategy for addressing the verification of cloud-top and base alti-
tudes and cloud overlapping determined from EOS imager datafor CERES. The methodologies
for thistask have been detailed by Baum et a. (1995), Minniset al. (1995;1999a,b), and Trepte et
a. (1999). The CERES cloud retrieval algorithms were developed using data from the Advanced
Very High Resolution Radiometer (AVHRR, 1.1 or 4-km resolution at nadir), the High Resolution
Infrared Radiometer Sounder (HIRS, 17.4-km resolution at nadir), various geostationary plat-
forms such as the Geostationary Operational Environmental Satellite (GOES; 1-km visible, 4-km
infrared), and, since 1998, the Tropical Rainfall Measurement Mission (TRMM) Visible-Infrared
Radiometer (VIRS, 2-km resolution). Additional development will occur when new spectral
channels are available from the M oderate Resol ution Imaging Spectroradiometer (MODIS; 0.25,
05. and 1-km resolution) on the EOS satellites. While the CERES cloud height algorithms were
designed to function with input from any imager dataset, a number of questions remain asto how
consistent the cloud retrievals are between the various imagers. Besides the differences in spec-
tral channels between imagers, there are also differencesin pixel resolution and time and angular
sampling. In the following sections, a number of strategies are outlined, in order of priority, for
verifying the vertical cloud boundaries or cloud heights. Examples of preliminary validations of
the CERES analysis of VIRS data are shown.

4.2.2.2 Missions

The first launch of the CERES instrument was on the TRMM in late 1997. Operational analy-
sisof CERES TRMM data began in January 1998. Another CERES package was launched on the
EOS-AM-1 platform, Terra, inlate 1999. It will befollowed by another onthe EOS-PM-1, Aqua.
Follow-on missionsto TRMM and EOS-AM and EOS-PM are currently planned. The CERES
algorithms will be applied to datafrom MODIS on both Terraand Aqua.

4.2.2.3 Science data products

The cloud properties generated from imager datain CERES Subsystem 4.1, 4.2 and 4.3 will be
convolved with CERES broadband radiometric dataand saved in the CERES SSF product. Theval-
idation approaches outlined for the CERES Subsystem 4.1 (Minnis et al. 2000a), clear-sky deter-
mination and cloud detection, serve as the basis for much of the validation of the other CERES
cloud productsincluding those discussed in this section. Thus, thediscussioninthe4.1Validation
Plan will be referenced when appropriate and repeated only when necessary.
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4.2.2 Validation Criterion

4.2.2.1 Overall approach

The validation strategy involves several key elements. Thefirst element isvisual quality con-
trol; the results, when displayed, should be consistent with a visual interpretation of the imagery
and lack spatial discontinuities that are obvious artifacts of the correlative input data. The second
approach isto ensure that the retrieved cloud properties are consistent globally for both daytime
and nighttime conditions and are reasonable in a climatological context. Finally, assuming that
the clear-sky and cloud properties are consistent and reasonable on aglobal scale, the results
should compare well with independent observations from ground-, air-, and other satellite-based
observations.

The CERES cloud algorithmsinclude avariety of input datathat are used to predict clear-sky
radiances, set thresholds, and retrieve parameters via comparison with theoretical models. The
primary technique for determining cloud-top height is to first estimate the cloud temperature and
then relate that temperature to altitude or pressure from avertical profile of atmospheric tempera-
ture. Currently, the ECMWF analyses provide those profilesfor the algorithms, except over ocean
where asingle lapse rate anchored to the sea surface temperature is used conditionally for thefirst
2 km above the surface. This modification eliminates much of the uncertainty arising from
boundary layer inversions that are not captured in many numerical weather analyses. Thus, there
are two components that must be considered when evaluating the results, the cloud temperature
and the temperature profile. If both are correct, then the derived altitudes should also be correct.

The inspection of raw imagery and the corresponding retrievals, especially during theinitial
processing stages, is useful for detecting the most obvious problems. Becauseit is a subjective
process, inspection is only a qualitative validation, but extremely useful. Some of the identified
problems may be easily resolved, while others may be indicative of more subtle algorithm imple-
mentation errors. Data from each imager have idiosyncrasies that require some iterative anaysis
to understand. Differences in boundaries between ECMWF grids, CERES grids, and CERES
analysistiles (arrays of pixels analyzed together) may also introduce some artifacts that can be
easily detected visually. Software changes will be devel oped and implemented to account for
those idiosyncrasies and artifacts when possible.

Several methods are available for implementing steps to address the second key element.
Proof of consistency may be found, for example, from inspection of global maps of derived cloud
heights, from comparison with previous results for some specified time period, or by comparison
with other global clear-sky and cloud products such as the International Satellite Cloud Climatol-
ogy Project (ISCCP), surface observation climatologies, or Clouds from AVHRR (CLAVR). Glo-
bal, gridded clear-sky and cloud products are generated during processing to facilitate such
comparisons. The global comparisons provide a measure of reasonableness while also permitting
the detection of some possible large-scale, diurnal, or input problems. This type of approach led
to the implementation of the boundary layer lapse rate method over ocean regions.

The most quantitative method for validating the vertical cloud boundaries is accomplished by
comparisons with independent observations. Differences between the satellite-retrieved cloud
heights and airborne- or ground-based observations will be performed over along time period for
anumber of regions, as discussed later in this document.
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4.2.2.2 Sampling requirements and trade-offs

The satellite cloud height retrievals can be organized by cloud type or thickness over the globe
because cloud types are often spatially dependent and cloud thickness affects the determination of
cloud temperature. The following categories are defined to facilitate the assessments through
visual, global, and:

a. Cloud types: low, middle, high, and multiple layer

b. Surface types: ocean (Tropics, midlatitude, and polar), vegetated land (Tropics and midlat-
itude), non-vegetated land (deserts, other), mountains, snow-covered land (midlatitude and
polar), ice-covered water

C. Seasons: summer, winter, transition

d. Day/night: Separate categories are not defined for twilight or sunglint conditions. For twi-
light conditions (82° < SZA < 88°), the nighttime algorithm is applied with some additional
visible-channel reflectance checks. Sunglint cannot be ignored for overpasses over water
and deserts.

This set of categoriesyields atotal of 4* 11* 3* 2= 264 conditions. To obtain a complete quan-
titative assessment (i.e., direct comparisonswith independent, ground-truth observations), it would
probably be necessary to have on the order of 100 independent samples for each of the conditions,
or 100* 264=26,400 samples. It isunlikely that this number of sampleswill be obtainable for all
of thedifferent categories. Additionally, other factorsthat affect cloud height retrievals, like cloud
cell size or aspect ratios, are not considered in these categories. Thus, acompl ete assessment of all
conditions would require an even greater number of samples than the estimate above.

A set of 30 regions has been selected to facilitate the validation of cloud propertiesfor the con-
ditionsnoted above. Theseregionsarelistedin Table2 of Minniset a. (2000a). Pixel-level results
from the CERES cloud retrieval algorithm as well as the accompanying input data are saved for
each satellite swath including one of these 30 sites. The results are processed into imagery used
for visual validation and are also averaged over particul ar scalesto match available surface and air-
craft observations.

4.2.2.3 M easur es of Success

The CERES cloud retrieval algorithmsto discern whether each satellite imager (i.e., AVHRR,
MODIS, VIRS) pixel contains none, one, or multiple cloud layers. The validation is considered
compl ete when the uncertainties have been determined to be within the accuracies shownin Table
1 over all major surface types for the full range of applicable viewing angles at all times of day.

The all-purpose agorithm for cloud-top height detection is the Layered Bispectral Threshold
Method (LBTM; Minniset al. 1995b). The LBTM approach works with any imager data having
at least avisible (~0.65 um) channel and an infrared (~11 um) channel. The LBTM isused asa
initial height determinant that is later refined by the Visible Infrared Solar-infrared Split-window
Technique (VISST) during daytime and by the Solar-infrared Infrared Split-window Technique
(SIST) at night. A CO, dlicing method will eventually be used for mid- to high-level clouds
employing MODI S channels within thel5-micron CO, band. Detection of overlapped cloudsis
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still an experimental process and will not be subject to ant strict uncertainty guidelines. Neverthe-
less, the validation process will be used to determine the uncertainties in the cloud overlap deter-

minations. Theoverall goal of the cloud height validation isto obtain the desired accuracies shown
inTable 1.

Table 1. Current and desired accuraciesfor cloud-top and cloud-base pressureretrievals.

Current Accuracy Desired Accuracy
Parameter (hPa) (hPa)

High cloud-top pressure:

a. LBTM/VISST/SIST a. 50 a 25

b. CO, dlicing b. 50 b. 25
High cloud-base pressure:

a. LBTM/VISST/SIST a 70 a. 50
Mid-level cloud-top pressure

a. LBTM/VISST/SIST a. 50 a 25

b. CO, dslicing b. 50 b. 25
Mid-level cloud-base pressure

a LBTM/VISST/SIST a. 50 a. 50
Low cloud-top pressure:

a LBTM/VISST/SIST a 30 a 25

b. Spatial coherence b. 50 b. 25
Low cloud-base pressure:

a. LBTM/VISST/SIST a 25 a 25

4.2.3 Pre- and Postulant Algorithm Test/Development Activities

4.2.3.1 Visual quality control

Thefirst step in the process of verification isto make certain that the cloud propertiesin agiven
scene are consistent with the imagery and do not show any artifacts related to input fields and sur-
face type boundaries. These visual procedures have been performed for the past 3 years by the
CERES Cloud Working Group are consistent on aglobal scale for both daytime and nighttime
retrievals. Figure 1 shows an example of the imagery used to perform the visual cloud height con-
sistency analyses. The 3-channel false color VIRS swath in the upper |eft-hand corner shows an
low cloudsin theright half of the swath and amixture of thin cirrus (pink) and thicker mid-to-high
clouds on the left side. The cloud temperatures vary from 285 K on theright to aslow as 225K on
theright. Theresulting cloud heights range from 1 - 2 km on the right and from 7 to 11 km on the
right. Cloud pressureisrelatively uniform over thelow stratocumulus clouds and varies by alittle
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Figure 1. VIRS multispectral imagery and CERES-derived cloud parameters off Peruvian coast
1200 UTC, 12 June 1998.

more than 200 hPa on the right side of the image. No artificial lines or discontinuities are evident
in theimagery. Discontinuities across surface type boundaries for similar cloud types are one
example of problemsthat could be detected through visual inspection. Imageslikethosein Figure
1 have been created and examined for many VIRS cases. Similar visual examination will be per-
formed for the MODI S results and continued for VIRS. When distinct problems appear in the
imagery, then the input data are examined to track down the source of the apparent problem. By
following this procedure, it is possible to correct algorithmic and input defects and also explain the
occurrence of unusual phenomenain the data.
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Altitude (km)

Figure 2. Mean cloud-top heights derived from VIRSwith a preliminary CERES VISST (daytime)
and S ST (nighttime) for July 1998.

4.2.3.2 Global, day/night, and angular consistency

Monthly mean plots can be used to obtain a qualitative validation of the reasonableness of the
derived cloud height fields. For example, Figure 2 showsthe results from a preliminary version of
the CERES cloud algorithms applied to July 1998 data. The results all ook reasonable relative to
known features of global cloud climatology. For example, the Intertropical Convergence Zones
over the Pacific and Atlantic, marked by areas of cloud heights above 6 km, areintheir proper loca-
tions, while the regions of marine stratocumulus west of California, Peru, South Africa and north
Africaare quire distinct and show height patterns consistent with the climatology of increasing
cloud height west of the coasts. The cloud heightsare greater at night over amost all regions. Con-
vective devel opment over land during the afternoon is common while marine stratocumul us clouds
tend to rise and thicken during the night. However, the magnitude of the changes seen here are
larger than expected. Some of this effect is probably dueto the different algorithms used for night
analyses as discussed later. It isclear from even acursory examination of Figure 2 and similar fig-
ures, however, that such plots are extremely valuable for gross verification of the resulting cloud
heights. These types of plots are being produced and examined by the CERES Cloud Working
Group to determine the overall reasonableness of the VIRS results. When MODI S results become
available, comparisons of the VIRS and MODI S products will also aid the validation process.

Ideally, cloud heights should be invariant with viewing angles, but may change systematically
with solar zenith anglesif thereisadiurnal cyclein cloud atitude. To determineif the algorithm
derivescloud heightsthat are sensitiveto the viewing angles, cloud-top altitudeisaveraged over the
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Figure 3. Angular dependence of January 1998 mean daytime cloud heights from VIRS derived
with the CERES VISST.

range of anglesand scenetypes. Figure 3 showsthe mean cloud heightsfrom apreliminary version
of the CERES algorithm applied to VIRS data taken during January 1998. A dight increasein
cloud height with both relative azimuth (REL AZM) angle and viewing zenith (VZ) angleis appar-
ent over water surfaces for both ice and water clouds. Systematic variation of cloud height over
land and desert is negligible, except for a dlight increase with VZ angle for ice clouds over land.
The REL AZM dependence over water is probably due to sun glint effects, but the source of the
VZ variationsis not immediately evident. The imager sampling patterns should be considered in
any assessment of averaged quantities because some variations may arise from uneven sampling.
For example, VIRS may sampleatropical region at nearly each local hour during amonth, but may
only view subtropical and midlatitude areasduring only few local hours. Additionally, regions near
the highest latitude of the VIRS view (~38°) are only sampled at large VZ angles. Sampling char-
acteristicsfrom MODI S are different with possible | atitudinal dependency of REL AZM and solar
zenith angle. Thus, careful categorization of the datawill be undertaken prior to final analyses of
the angular dependencies of the derived cloud properties.

4.2.3.3 Comparison with “cloud truth” datasets

To quantify the uncertainties and to better determine which set of angular conditions produce the
most accurate vertical cloud structure, it necessary to compare the observations with other mea-
surements that can be assumed to constitute cloud truth. Active remote sensorslikelidar and radar
can provide detailed information about cloud boundaries (e.g. Platt et al. 1980; Sassen et al. 1990;
Miller and Albrecht 1995; Uttal et a. 1995). Such comparisons must be conducted carefully
because of significant spatial and temporal differences between the various observing systems. For
instance, it isimportant to account for the relatively small size of the lidar or radar field-of-view
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(FOV), ascompared tothemuch larger satellite FOV. Also, lidarsand radarsmay retrievedifferent
cloud boundaries, depending upon their sensitivity to cloud effective particle size, optical depth,
etc. Comparisons of active remote sensor retrievals of cloud height have been used for a number
of yearsto assess passive satellite estimates (e.g., Minnis et al. 1992; Minnis et a. 1993; Smith et
al. 1996, 1997; Doelling et a. 1996; Minnis et al. 2000b). Differences between remotely-sensed
and ground-based estimates of cloud cover must be examined carefully without automatically
assuming that only onevalueiscorrect. Theimpact of multiple layering should also be considered
to help explain differences and to justify excursionsfrom desired accuracies. Because the CERES
algorithms may derive cloud heights with several different algorithms, it will be necessary to eval-
uate al of those used in agiven version for application to aspecificimager. Theresultsmay allow
future development to include logic that selects the best method for a particular set of conditions.

4.2.3.3.1 ARM sites

The highest priority set of observations will be those where CERES cloud properties can be
compared routinely to those obtained at a well-known surface site such as that provided by the
Atmospheric Radiation Measurement program. Extended observations will be provided by the
ARM sites, but not at al the locations required according to the categories listed above. These
include the Southern Great Plains site (central Oklahoma), the Tropical West Pacific sites, and the
Arctic site (north slope of Alaska). The exact |ocations of these and other sitesarelisted in Minnis
et a. (2000a). The CERES results can be compared to data from these sites over all seasonsfor a
long time period in different cloud regimes. Cloud base can be measured several different ways at
thesesitesusing laser ceilometers, radar, and lidar. Cloud-top heightsand layering can be assessed,
primarily, with cloud radar measurements, but occasionally with lidar returns when the clouds are
optically thin. Thus, in some cases arange of measurements can be used to assessthe uncertainties
in the surface observations relative to the satellite-derived values. The satellite imagery will be
examined to help explain large differences in altitudes. Rawinsonde data are also available at the
ARM sites, so that the radar-derived cloud heights will be converted to cloud-top temperature and
compared directly to the corresponding satellite values. Inthat manner, it will be possibleto deter-
mineif errorsin the ECMWF soundings are a source of uncertainty in the derived cloud heights.

Figure 4 is an example of the comparisons that are being and will be performed over the ARM
sites. It shows CERES effective cloud height and temperature matched with the cloud mean (cen-
ter) and top heights and temperatures. Thisexampleincludesall single-layer clouds over the ARM
SGP sitethat occurred at the time of the daytime VIRS overpasses between January and July 1998
and had an optical depth t lessthan 5. The CERES effective cloud temperature and height are the
primary retrieved quantities. The remotely sensed cloud temperature corresponds to the effective
radiating temperature of the cloud. If thetop of the cloud isoptically dense, then the effective tem-
peratureis near the cloud top. If the cloud top is diffuse, the particles are not densely concentrated,
and theentire cloud isoptically thin, then the effective temperature should correspond more closely
to some location near the center of the cloud. For CERES, the cloud-top and base heights are
derived from the effective quantities. For optically thick, low clouds, the effective height is
assumed to be the same as the cloud-top height. For highice clouds, cloud-top height depends on
the optical depth and temperature. Cloud base height is determined from the cloud-top height and
thickness. The latter quantity depends on the cloud temperature and phase. The quantitiesin Fig-
ure 4 were derived in the manner used by Dong et al. (1999). Except for two cases,
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Daytime VIRS and Surface Comparison at ARM SGP Site (1<b)
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Figure 4. Comparison of surface-based cloud altitude (radar and ceilometer) and temperature
(rawinsonde) boundaries with effective cloud height and temperature from VIRS derived with the
CERESVISST for single-layer thin clouds over the ARM SGP site between January and July 1998.

the effective cloud center height and temperatures lie between the cloud top and base (left side of
Figure 4). The actual cloud top and the effective height differ by 1.1 km, on average, with a2-km
standard deviation. The mean cloud effective heights are only 0.2 lower than the surface-derived
mean cloud height confirming the assumed behavior of optically thin clouds noted above. Similar
resultswere found for the nighttime algorithm except that the effective cloud heightswere, on aver-
age, 0.3 km higher than the mean cloud height suggesting arelative height difference of 0.5 km
between day and night. Thus, apurely infrared approach appearsto yield lower optical depthsand
higher clouds relative to avisible-infrared technique and may cause some of the day-night differ-
encesin Figure2. Butitisnot entirely clear if the cloud properties sampled for the nighttime cases
are the same as those sampled during the daytime. Resolution of such discrepanciesis part of the
validation process.

An example of thick cloud height validation is shown in Figure 5. The same parameters are
plotted except that al of the thick, single-layer clouds were used in this comparison. Here, the
effective cloud height is only 0.4 km below the radar-derived cloud top and all but three of the
effective cloud heights are within the radar-ceilometer derived cloud boundaries. The cloud tem-
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Daytime VIRS and Surface Comparison at ARM SGP Site (1 »b)
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Figure5. Comparison of surface-based cloud altitude (radar and ceilometer) and temperature
(rawinsonde) boundaries with effective cloud height and temperature from VIRS derived with the
CERESVISST for single-layer thick clouds over the ARM SGP site between January and July 1998.

peratures for those three cases, however, are the same from both the surface and the satellite indi-
cating aproblem with the ECMWF soundings. Another point of interest isthat the effective height
for the low clouds is equal to the cloud-top height as assumed in the CERES algorithm, but the
effective height for the cirrus clouds varies from 0 to 4 km less than the cloud-top indicating that
even for optically thick cirrus clouds, the cloud top is often diffuse and the radiating center is gen-
erally not close to the top. The results for the nighttime thick cloud cases are similar.

The above examples are just the first step in comparing the CERES cloud heights with cloud
truth values derived from ARM active sensors. In addition to more detailed studies that compare
CERES estimates of actual cloud top and base with the surface data, the occurrence and effects of
multilayer cloud heights will also be examined and quantified. Datafrom the ARM siteswill pro-
vide validation samples continuously for all seasons, for the local background conditions at each
site. Researchersfrom the Terravalidation program and the CERES Cloud Working Group will be
responsible for acquiring, analyzing, and comparing the surface and CERES cloud height datasets.
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4.2.3.3.2 Other routine surface observations

Active remote sensors are being used routinely or in a semi-operational fashion at other loca-
tions. Dr. Ken Sassen operates aset of lidars at the University of Utah in Salt Lake City. Dataare
taken when cirrus and a Terra overpass coincide. Dr. Robert Kropfli (NOAA/ETL) monitors
clouds over Erie, Colorado (northeast of Denver) on a semi-operational basis between field pro-
grams with a suite sensors including alidar and cloud radar. The Automated Surface Observing
System (ASOS, Schreiner et al. 1993) over the continental United States includes ceilometer mea-
surements. This network can be used only for validation of cloud-base heights for low clouds
becausethe ceilometersgenerally have adetection limit of 4 km AGL. The CERES Cloud Working
Group will obtain as many of these correlative data as possible to verify the cloud-top heights and
bases over awider range of backgrounds

4.2.3.3.3 Regional (short-term) comparison of CERES with ground-based observations

Field programs involving clouds often include cloud radars and/or lidars and are conducted in
remote areas. Past (e.g., FIRE, SHEBA, ASTEX, ECLIPS, MCTEX, NAURU99, and TARFOX)
and future field experiments (INCA, SAFARI, CRYSTAL, CLAMS, and others) will provide
important validation data for their particular climatic and background conditions; however, vali-
dation samples over mid-latitude mountains, deserts, and tropical land should be included in
future experiments. For pre-launch experiments, the exact VIRS and MODI S channels (spectra
and resolution) were unavailable for comparison. Thus, the algorithms were tested using surrogate
satellite (AVHRR, GOES, ATSR-2, etc.) datain those cases. For post-launch experiments, the
VIRS and MODI S data as well as the surrogate imagers are used in the validation comparisons to
distinguish between the results from each of the imaging systems so that the prelaunch results
may be interpreted relative tot he expected performance of VIRS and MODIS.

The surface observations taken during the above field experiments are often similar to those
taken regularly at the ARM sites. Thus, the same types of comparisons will be conducted for sat-
ellite overpasses to obtain the cloud height validations in areas where long-term observations are
unavailable. Additionally, aircraft, like the NASA ER-2, with active remote sensors often fly dur-
ing these experiments increasing the number of opportunities to collect some independent sam-
ples of clouds over remote areas. Every effort should be made in future experimentsto align the
flight times with the CERES satellite overpasses.

4.2.3.2 Operational surface networks

The following products are to be used in the validation activities:
a. National Weather Service (NWS) global synoptic cloud observations
b. DOE ARM data

c. Automated Surface Observing System (ASOS), installed on the National Environmental Sat-
ellite Data and Information Service VAS data utilization center in Washington, D.C.
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4.2.3.3 Existing satellite data

A list of the satellite data sets used in pre-launch activities are:

AVHRR

HIRS

GOES-§, 9, 10

| SCCP cloud climatologies
HIRS cloud climatologies
ATSR-2

SoukrwnNE

4.2.4 Additional Post-launch Activities

4.2.4.1 Planned field experiments and studies

The same approach as presented in Section 4.2.3.3 will be followed for additional post-launch
activities. Cloud retrieval propertiesare not saved for all areas at theimager pixel level. Datafrom
only aselect set of regionsareretained for validation. Additional pixel-level datawill be archived
whenever arelevant field program is conducted outside of the standard cloud validation regions
(seeTable2, Minniset a. 2000a). The subsetted data setsare produced by the Langley DAAC and
provided to the CERES Cloud Working Group and other CERES Co-Investigators.

4.2.4.2 New EOS-tar geted coordinated field campaigns

Even with the comparison of satellite to ground-based observations of cloud boundaries
according to the strategies previoudly outlined, deficiencieswill still exist over midlatitude oceans,
mountains, deserts, and tropical land. To fill data-sparse gapsin our sampling, it would be benefi-
cial to plan field campaigns for these areas.

4.2.4.3 Needsfor other satellite data

To supplement the validation of cloud height and layering, in particular, the detection of mul-
tilayer clouds, it is desirable to develop liquid water path and temperature datasets over marine
areas from the TRMM for matching the VIRS. Comparisons of the resulting cloud temperatures
and the multilayer classifications like those indicated from the analyses of Lin et al. (1998) will be
extremely useful for understanding theimpact of multilayer conditions on theretrieved cloud prop-
erties over many areas for systems comprised of both thick and thin high-altitude ice clouds.

Another very useful set of satellite measurements for validation purposes would be lidar/radar
observations, such as PICCASSO-CENA and CloudSat. Theformer will have acloud and aerosol
detecting lidar, while the latter will carry a cloud-detecting radar. These satellites are scheduled
for launch in 2002 and will fly in tandem with one of the EOS satellites. Data from the other satel-
lites used in the pre-launch validation should also be used for comparisons with the EOS results.
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The vertical cloud structure will be defined quite accurately over all regions (swaths only afew
hundred meters wide) at sometime over the course of the satellites' lifetimes. Thus, the sampling
needs for areliable estimate of uncertainty in cloud-top height will be realized when these satel-
lites become operational.

4.2.4.4 In-sStu measur ement needs at calibration/validation sites

Theidea set of instruments at the surface sites include a cloud lidar, a cloud radar, alaser
ceilometer, and regular radiosonde launches. At present, the ARM sites have the most compre-
hensive set of instrumentsin thislist.

4.2.4.5 Intercomparisons (multi-instrument)

Cloud-base heights from the ceilometer, lidar, and radar systems should be compared to esti-
mate the uncertainty in these validation sets. Similarly, cloud heights measured with collocated
VIRS and MODI S data should be compared to determine the robustness of the algorithms, verify
angular dependence derived from one satellite, and to determine the effects of satellite resolution
on the derived values. Additional experiments should be conducted to determine the optimal
approach for comparing radar and satellite data to account for the spatial temporal mismatchesin
the two datasets.

4.2.5 Implementation of validation resultsin data production

4.2.5.1 Approach

The validation of cloud properties will take place at the CERES SCF and at the outside inves-
tigators home institutions. While some of the global mapping functionality can be automated,
most of the effort described in this document requires interaction with an investigator. The inves-
tigator will need ready access to cloud boundary information from each of the ARM sites or other
sitesthat are operationally providing cloud boundary information, aswell as accessto the subsetted
data sets of retrieved cloud properties.

4.2.5.2 Archival of validation data

The retrieved cloud parameterslisted in Table 4.4-4 of CERES Subsystem 4.4, entitled “ Con-
volution of imager cloud properties with CERES footprint point spread function”, the volume of
one hour of processed imager datais approximately 600 MB. These retrievals are not a product,
but are subsequently convolved with CERES footprints to give a combined radiation-cloud-prop-
erty product. The swaths (e.g., Figure 1) including the cloud validation regions (see Table 2 of Min-
niset al. 2000a) and 351 1° x 1° CERES (all working groups) validation regions constitute the only
pixel-level cloud parameter data saved by CERES. These validation datasets are produced and
archived by the Langley DAAC.
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4.2.7 List of Acronyms

ARM Atmospheric Radiation Measurement Program

ASTEX Atlantic Stratocumulus Transition Experiment

ATSR-2 Along-Track Scanning Radiometer

AVHRR Advanced Very High Resolution Radiometer

CENA Climatol ogie Etendue des Nuages et des Aerosols

CERES Cloud’' s and the Earth’s Radiant Energy System

CLAMS Chesapeake Lighthouse and Aircraft Measurements for Satellites
CRYSTAL Cirrus Regional Study of Tropical Anvilsand Cirrus Layers
DAAC Distributed Active Archive Center

DOE Department of Energy

ECLIPS Experimental Cloud Lidar Pilot Study

ECMWF European Center for Medium Range Weather Forecasting
FIRE First ISCCP Regiona Experiment

GOES Geostationary Operational Environmental Satellite

HIRS High-resolution Infrared Radiometer Sounder
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INCA

ISCCP
LITE
LBTM
MODIS
NAURU99
NMC
PICASSO
SAFARI
SCF
SHEBA
SIST
TARFOX
TRMM
VIRS
VISST

August 2000

INterhemispheric differences in Cirrus properties from Anthropogenic
emissions

International Satellite Cloud Climatology Experiment

Lidar in Space Technology Experiment

Layer Bispectral Threshold Method

M oderate resolution |maging Spectrometer

Nauru Island ARM Experiment in 1999

National Meteorological Center

Pathfinder Instruments for Cloud and Aerosol Spacebourne Observations
South African Regional Science Initiative

Southern Great Plains Central Facility

Surface HEat Budget in the Arctic

Solar-infrared Infrared Split-window Technique

Tropospheric Aerosol Radiative Forcing Observational Experiment
Tropical Rainfall Measuring Mission

Visible and Infrared Scanner

Visible Infrared Solar-infrared Split-window Technique
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SUMMARY OF CERES VALIDATION
OF IMAGER CLOUD-TOP AND

CLOUD BASE HEIGHTS

DATA PRODUCTS/PARAMETERS

o Parameters: Cloud-top and cloud-base heights for both single- and
multiple-layered clouds

Product: CERES SSF

MISSIONS
o TRMM, EOS AM-1, & EOS PM-1

APPROACH:
o First develop global and regional maps of retrieved cloud heights

o Show that global and regional analyses indicate consistent results
moving from ocean to land, day to night, snow to water, desert to water,
etc.

o Once results are consistent, compare retrieved cloud boundaries with
ground-based, other satellite-based, or aircraft-based data of cloud
boundaries (most appropriate for stratiform clouds)

o Comparisons of simultaneous retrievals from multiple satellites, aircraft
and satellite, or surface with satellite

PRELAUNCH

o Compare cloud boundary data from field programs with satellite
retrievals

o Compare surface synoptic observations with satellite retrievals of single
and multilevel cloud occurrences
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SUMMARY OF CERES VALIDATION
OF IMAGER CLOUD-TOP AND

CLOUD BASE HEIGHTS

POSTLAUNCH
o Increase number of long-term monitoring sites to include midlatitude
oceans, mountains, deserts, and tropical land

o Develop field programs over surface types where little if any data
currently exist, such as deserts

o Perform quick-look global and regional analyses of cloud boundary
products

o Compare CERES cloud boundary retrievals with validation sites

EOSDIS
o Perform subsetting of processed full-resolution CERES imager data
stream

o Archive validation site cloud boundary data
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